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• To characterize the auto-inflammation in USP18 -
/- mice. 
• To determine the relative level of induction of free 
and conjugated ISG15 in tissues from USP18 null 
mice relative to wild-type and heterozygous mice.
ABSTRACT
USP18 (ubiquitin-specific protease 18) is a dual 
function protein. It removes ubiquitin-like modifier 
interferon stimulated gene 15 (ISG15) from 
conjugated proteins and it inhibits the activity of the 
interferon receptor by interacting with IFNAR2. We 
determined that FVB mice lacking USP18 have 
extensive immune infiltration in their brown adipose 
tissue. These mice are also cold intolerant which is 
suggestive of a defect in brown adipose function. We 
wanted to determine if the levels of both conjugated 
and non-conjugated ISG15 differed in different tissues 
of these mice compared to normal animals. Using 
western analyses, we compared the level of ISG15 in a 
variety of tissues.  Brown adipose tissue showed the 
highest upregulation of conjugated and unconjugated 
ISG15. USP18 and ISG15 are part of the innate 
immune system that is the early pathogen recognition 
system alerting adjacent cells to imminent attack. 
USP18 is a negative feedback inhibitor of type I 
interferon signaling that ensures signaling is turned 
off after the threat has gone. Inappropriate type I 
interferon signaling contributes to the development of 
autoimmunity as has been confirmed in autoimmune 
diseases including systemic lupus erythematosus and 
Sjogren’s syndrome. We are currently investigating 
the potential for brown and white adipose tissue to 
initiate inappropriate interferon signaling that might 
contribute to the onset and variable penetrance of 
autoimmune diseases.
METHODS and RESULTS
• Necropsy analysis of select tissues from mice 
were harvested and fixed in 10% neutral 
buffered formalin.  
• Tissues were paraffin embedded and 5 µM
slices were used for standard hematoxylin 
and eosin (H&E) histology and a CD45 
immunohistochemical assay. 
• Collagen staining of tissue slices was 
performed with Sirius red and fast green for 
contrast. 
• Protein lysates were prepared from murine 
tissues using a bead homogenizer
• Western Analysis for ISG15 was optimized 
using different antibodies and concentrations 
with various blocking conditions. 
RESULTS cont.
FUTURE DIRECTIONS
• With this assay optimized, future studies will 
increase sample size.
• Mice that have a mutant form of USP18 lacking the 
ability to inhibit the interferon receptor are being 
analyzed for ISG15 levels and brown adipose 
histology.
• Impact of USP18 on brown adipose function will be 
evaluated in mice and derived cell lines.
CONCLUSIONS
• USP18 -/- mice exhibit pronounced immune 
inflammation and fibrosis in the brown adipose 
tissue.
• Free and conjugated ISG15 are significantly 
induced in both female and male USP18 -/- mice
• ISG15 levels were elevated in most tissues tested 
with the clearest upregulation in BAT which is also 
the tissue that exhibits the most immune cell 
infiltration in the USP18 -/- mice.
• Additional tissues shown here include WAT , 
pancreas and lung.
Sirius Red/Fast Green stain of brown adipose 
tissue from USP18 -/- mouse. Polarized light 
highlights collagen of fibrosis as gold/yellow 
with brown fat and muscle cells in blue.
With thanks to Karen Doty from the 
Histology Laboratory for assistance in 
protocol development.
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B
CD45 staining of brown adipose tissue from
USP18 -/+ (A) and -/- (B) mice. CD45 stains all
leukocytes and indicates extensive immune
infiltration of brown adipose tissue from mice
lacking USP18.
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+/- -/- +/- -/- +/- -/- +/- -/-
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Female mouse USP18 western blot tissue 
analysis. Shows significant induction of both 
free and conjugated ISG15 in USP18 knockout 
mice (BAT brown adipose tissue, WAT white 
adipose tissue and PAN pancreas).
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Male mouse USP18 western blot tissue analysis, 
indicates significant induction of free and 
conjugated ISG15
Immune infiltration and fibrosis in brown adipose 
tissue of USP18 -/- mice. A and B H&E staining, C 
and D Sirius Red collagen stain with Fast Green 
counterstain.
